This paper presents a hybrid model for three-dimensional Geographical Information Systems which is an integration of surface-and volume-based models. The Triangulated Irregular Network (TIN) and octree models are integrated in this hybrid model. The TIN model works as a surface-based model which mainly serves for surface presentation and visualization. On the other hand, the octree encoding supports volumetric analysis. The designed dam structure brings a major advantage in the three-dimensional selective retrieval. This technique increases the efficiency of three-dimensional data operation.
Introduction
Three-dimensional (3-D)' Geographical Information Systems (OISs) are very important for the application fields such as urban planning and management, geological subsurface modeling, mining and oil exploration. In a 3-D GIS, an object can be described in horizontal ( x, y ) and vertical ( z ) space. This spatial coordinate system allows more than one object to locate at the same horizontal location with different vertical positions. This is essential for the volume calculation, profiling, slope and aspect calculation.
Most of the existing commercial GIS are designed for two-dimensional (2-D) spatial data processing.
There is a strong requirement on 3-D GIS application and research (Raper, 1989) . Lack of real 3-D GIS data models and structures makes it impossible to carry out sophisticated 3-D spatial analysis.
These make 3-D data modeling become of increasing interest in the GIS community. The major research issues may include: 3-D spatial data model, 3-D topological data model, 3-D database, 3-D spatial query and 3-D visualization. There are hybrid models developed in CAD/CAM mainly for handling regular objects. However, there is very little research on integration of surface-and volume-based 3-D models in the GIS community, where irregular objects are to be handled. This is thus identified as the focus of this paper.
Background
Many problems exist in the 3-D GIS development. Those mainly are: data volume, 3-D topolo- Kunii et al. (1995) proposed that there is often a need to derive the boundary of an object space. His paper also presented a method for automatically identifying the outermost boundaries of octree-indexed objects. It made the boundaries be derived flexibly and be converted to a variety of representa-tions. It is now popular in the computer graphics community.
Octree model is used in the CAD/CAM community for providing a discrete approximation to an object. It is converted from the CSG model for fast displaying and generating meshes. Due to the approximate surface provided by the octree, it is seldom used in manufacturing process.
In the GIS community, the surface-based model, 
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Model design
The hybrid 3-D model is designed as an integration of a surface-based model and a volume-based model. This idea is shown in Fig. 1. The hybrid 
